Abstract. During heavy seasonal rainfall in 1996, concurrent epidemics of dengue and leptospirosis occurred in an urban center in northeastern Brazil. We interviewed 110 cases of leptospirosis hospitalized a median of seven days after the onset of illness to evaluate the impact of the dengue epidemic on the triage of suspected leptospirosis from ambulatory clinics to the infectious disease reference hospital. Within the first three days of illness, 46 (42%) cases sought their first medical evaluation, and 28 (61% of 46) received a diagnosis of dengue. Dengue diagnoses were associated with a median of five days delay in referral to the infectious disease hospital. Patients who reported initial diagnoses of dengue were more likely than other patients to have required admission to the intensive care unit (odds ratio [OR] ϭ 2.7, 95% confidence interval [CI] ϭ 0.8-9.5) and to have died during hospitalization (OR ϭ 5.1, 95% CI ϭ 0.8-55.0). These findings indicate that diagnostic confusion between the early symptoms of leptospirosis and dengue may have contributed to the high mortality observed during the leptospirosis epidemic.
INTRODUCTION
Leptospirosis is a bacterial zoonosis transmitted to humans through contact with urine from infected animals. 1 Infection with pathogenic Leptospira occurs worldwide and is increasingly recognized as a common cause of acute febrile illness in tropical environments. 2, 3 Clinical manifestations of leptospirosis range from a self-limited febrile illness with headache and muscle pain, to severe, life-threatening disease forms such as Weil's disease, characterized by jaundice, renal failure and bleeding, and severe pulmonary hemorrhage syndrome. [4] [5] [6] Leptospirosis has been traditionally considered to be a rural-based disease. 4 However, urban epidemics have emerged to become a major public health problem in developing countries. 7 In Brazil, epidemics of leptospirosis have been reported since the 1960s in major cities such as São Paulo, 8 Rio de Janeiro, 9 Recife, 10 and Salvador 11 following periods of heavy rainfall. Transmission presumably occurs through contact with floodwater contaminated with urine of infected rats. These urban epidemics occur annually and are associated with severe forms of leptospirosis, resulting in significant mortality. 6, 12 During the rainy season in 1996 in Salvador, a city of more than 2.5 million inhabitants in northeastern Brazil, an outbreak of an illness with jaundice and acute renal failure resulted in more than 300 admissions to the infectious disease reference hospital. Leptospirosis was established as the cause of this outbreak. 12 Despite aggressive supportive therapy including dialysis and intensive care unit monitoring, mortality from severe leptospirosis was 15%. Antibiotic therapy in leptospirosis is widely believed to provide the greatest benefit when initiated in the early phase of the disease 1,4,13 whereas its efficacy when administered during severe, late-stage disease remains controversial. 14, 15 Therefore, early diagnosis and timely administration of antibiotic therapy are required to reduce leptospirosis mortality during urban epidemics.
As in developing countries throughout Latin America, Brazil has undergone a major demographic transformation as a result of more than 350% growth in the urban population in the last 40 years. 12 As a consequence of the expansion of urban slums without basic sanitation, seasonal heavy rainfall and flooding have produced conditions favoring rodentborne epidemic transmission of leptospirosis. The same conditions of rapid urbanization and seasonal rainfall have led to the reintroduction of epidemic dengue fever throughout Latin America. 16 Coinciding with the 1996 leptospirosis epidemic in Salvador, a dengue epidemic occurred during which more than 20,000 cases of dengue were notified in the city, making it the largest recorded epidemic of dengue in the city of Salvador since the Aedes aegypti eradication campaigns in the 1920s. 17 The dengue cases were exclusively classic dengue fever and dengue hemorrhagic fever was not reported. 17 Early-phase leptospirosis and classic dengue fever have overlapping clinical presentations that include non-specific findings such as fever, headache, and muscle pains. Often, it is difficult to differentiate these two diseases prior to the development of late-stage complications of severe leptospirosis. We hypothesized that during the 1996 epidemic season, the large number of dengue cases and widespread publicity about the symptoms of dengue led to misdiagnosis of patients with leptospirosis in outpatient clinics and a delay in their referral for treatment to the state infectious disease hospital. Such a delay may have contributed to the severity of the 1996 outbreak of leptospirosis in Salvador. The findings of this study demonstrate the need for close supervision of febrile patients during epidemics of dengue in areas where leptospirosis outbreaks occur.
POPULATION, MATERIALS, AND METHODS

Study population.
Active surveillance for cases of leptospirosis was carried out during 1996 at Couto Maia Hospital, the 120-bed reference hospital for infectious diseases for the state of Bahia in Salvador, Brazil. The surveillance case definition was based on specific physical findings (conjunctival suffusion 1 ) and characteristic late-phase manifes-tations of leptospirosis (jaundice and abnormally elevated serum bilirubin levels [Ͼ1.0 mg/dl] with serum aminotransferase activities less than 20 times the normal upper limit; and evidence for acute renal insufficiency such as oliguria [daily urine output Ͻ 500 ml], abnormally elevated serum creatinine [Ͼ1.5 mg/dl] or blood urea nitrogen [Ͼ 75 mg/ dl]). 12 Patients were excluded if they lived outside of the city of Salvador, had radiologic or laboratory evidence of another disease, were discharged from the hospital with a diagnosis other than leptospirosis, refused to participate, or could not be interviewed due to altered mental status changes related to their illness. After obtaining informed consent, blood and urine samples were collected from study patients for laboratory confirmation of leptospirosis.
Ethical considerations. Data collection. Trained interviewers administered standard questionnaires to obtain information on demographic data, symptoms and their duration, and diagnosis and treatment received during health center visits prior to their hospitalization at the study site. Interviews were completed with parents of four patients (minors) and the family members of three patients with mental status alterations caused by the illness. Interviews were performed on the day of admission for 18 (16%) patients, the following day for 45 (41%) patients, the third day of hospitalization for 32 (29%) patients, the fourth day of hospitalization for 14 (13%) patients, and the fifth day of hospitalization for one (1%) patient. To assist patients in accurately describing symptoms experienced before admission to the hospital, interviewers asked separately about the time of onset of each of eleven symptoms: fever, headache, generalized muscle pain, calf pain, abdominal pain, decreased urine volume, coughing blood, generalized rash, yellowing of eyes or skin, bilateral reddening of eyes suggestive of conjunctival suffusion, and light-stimulated visual discomfort or pain. Physical examinations and medical chart reviews were performed by the study team to obtain information on clinical and laboratory findings at the time of hospitalization, treatment, and clinical outcome.
Laboratory confirmation of leptospirosis and definitions. Cases were confirmed bacteriologically if Leptospira were cultured from patients' blood or urine and observed by dark field microscopy. 18 Cases were confirmed serologically with the microscopic agglutination test (MAT) that incorporated the use of 25 reference serovars representing 18 pathogenic serogroups and two nonpathogenic serovars of Leptospira. 12, 18 Serologic confirmation was defined as a fourfold increase in MAT titer between paired sera or a reciprocal MAT titer greater than 1:800 in any serum sample. 18 Cases were defined as probable if the MAT demonstrated a reciprocal titer greater than 1:100 in one or more serum samples to any serovar.
Types of ambulatory services were divided into five categories: 1) emergency rooms in hospitals administered by the Health Secretary of the State of Bahia, Brazil, 2) public sector 24-hr urgent care centers, 3) emergency rooms in private or non-governmental organization hospitals, 4) public sector clinics or health posts, and 5) clinics not belonging to the public sector system. All patients were able to identify the type of ambulatory service when they did not remember the name of the facility where they sought treatment.
Statistical analysis. For spot mapping, patient resident address was located and coded within one of 1,761 census tracts for the city of Salvador (average area ϭ 0.17 km 2 ; average population ϭ 1,200 residents). ArcView GIS software (Version 3; Environmental Systems Research Institute, Redlands, CA) was used to map the residence of cases according to census tracts defined by the Brazilian Institute of Geography and Statistics. A time-line of ambulatory visits was created retrospectively from the date of admission to the hospital. The analysis of self-reported symptoms was used to reconstruct a sequence of events. Data were entered and analyzed with EpiInfo (Version 6.04c; Centers for Diseases Control and Prevention, Atlanta, GA). The chi-square test with Yates' correction or Fisher's exact test was used to compare proportions. The non-parametric Wilcoxon rank sum test was used to test for differences in continuous variables. Odds ratios (ORs) and their 95% confidence intervals (CIs) were calculated to contrast proportions. Statistical significance was defined as a two-sided P value Ͻ 0.05.
RESULTS
Between April 15 and August 2, 1996, 124 hospitalized patients met the surveillance case definition of leptospirosis. Among cases, overall mortality was 11% (14 deaths). A total of 14 patients (11% of 124) could not be interviewed because of disorientation (n ϭ 7) or death (n ϭ 7) prior to identification. Interviews were conducted prospectively with 110 patients, all of whom had a hospital discharge diagnosis of leptospirosis. Of these, 81 (74%) were laboratory-confirmed (n ϭ 68; 62%) or probable cases (n ϭ 13; 12%; Table  1 ). Serologic confirmation could not be completed in 23 (79%) of the 29 unconfirmed cases because paired serum samples were not obtained. Among the 71 patients with suspected leptospirosis for whom paired samples were collected, the positive predictive value for the surveillance definition was 92%. Confirmed/probable and unconfirmed cases did not differ significantly with respect to demographic characteristics, geographic residence in the city of Salvador, outpatient triage, and clinical presentation on hospitalization ( Figure 1A and Table 1) , with the exception of a lower proportion of jaundice for unconfirmed cases.
By the time of their admission to the study hospital, patients had developed severe manifestations of late-stage leptospirosis ( Table 1) . The 110 interviewed patients reported a median of seven days of symptoms prior to admission. Frequent complications included hepatic dysfunction, acute renal insufficiency, hemorrhage, and respiratory distress. Patients required hospitalization for a median of 7.5 days (range ϭ 0-41 days) and 15% were admitted to the intensive care unit. Peritoneal dialysis was administered to 17%. The case fatality rate among the 110 interviewed patients was 6% (7 deaths); the significantly higher number of deaths among unconfirmed cases was due to the inability to obtain paired serum samples for diagnostic evaluation. Interviews with 110 patients who met the surveillance definition for leptospirosis were conducted to identify the timing and sites of patients' initial contacts with the health care system. Cases procured medical attention a median of four days (range ϭ 0-21 days) after the onset of symptoms. Leptospirosis cases sought medical attention at 37 ambulatory services from throughout the metropolitan area, including 25 outpatient clinics and 12 hospital emergency rooms. Emergency rooms of public sector hospitals, including the infectious disease reference hospital, were reported by 58 (52%) of 110 patients as the first medical center visited after the onset of symptoms, while public sector urgent care centers (20%), public clinics (14%) and private clinics (12%) were less frequently listed. The emergency room of the infectious disease reference hospital was the site of first contact with a health service for 20 (18%) of the leptospirosis cases (Figure 1B) . The location of the next three most frequently visited medical centers and their specific catchment areas are shown in Figure 1C -E. Patients who reported seeking treatment initially at the infectious disease reference hospital or state general hospital resided throughout the city ( Figure 1B  and 1C) , while patients who reported seeking medical attention at other hospital emergency rooms or urgent care centers resided in the respective catchment areas for these services ( Figure 1D and 1E) .
Cases who sought medical attention early in the course of their illness frequently presented with non-specific symptoms and received diagnoses of dengue. During the cases' first visits to a health care facility, fever (106 [99%] of 107), generalized muscle pain (99 [93%]), and headache (95 [89%]) were the most commonly reported symptoms. Among the 110 interviewed cases of leptospirosis, 39 (35%) received a diagnosis of dengue during their first visit to a medical service (Table 2) . Patients who sought medical attention early in the course of illness were more likely to have received dengue diagnoses: 28 (61%) of 46 patients whose initial visits occurred during the first three days of their illness received dengue diagnoses versus nine (15%) of 59 whose visits occurred four or more days after the onset of symptoms (OR ϭ 8.6, 95% CI ϭ 3.1-24.4). In addition, 23 patients thought that they had dengue at the onset of their illness; therefore, 56% (62 of 110) of all cases either received a dengue diagnosis or believed they had dengue during the early phase of their illness.
The presumptive diagnosis of dengue in the outpatient setting was based solely on symptoms and findings on physical examination since laboratory testing for dengue was not available for outpatient or emergency services in the city of Salvador. Cases of leptospirosis who received dengue diagnoses at their first medical evaluation were discharged and subsequently sought medical attention when their symptoms worsened. According to the triage routine in Salvador, patients with suspicion of leptospirosis or hepatitis are sent to the reference hospital, whereupon these two diseases are differentiated during clinical and laboratory evaluation. The median delay between first health service visit and arrival at the reference hospital was five days for cases initially suspected of having dengue versus 0 days for those initially suspected of having leptospirosis or hepatitis (P Ͻ 0.001) ( Table 2 ). The delay in triage associated with an initial diagnosis of dengue versus leptospirosis or hepatitis was significantly longer independent of whether patients were evaluated in the first three days (median ϭ 5 versus 0 days; P Ͻ 0.001) or four or more days after the onset of symptoms (median ϭ 3 versus 0 days; P Ͻ 0.001). Among the 39 leptospirosis cases initially suspected of having dengue, 12 (31%) had to procure three or four health-care facilities prior to referral.
We observed a trend between delay in triage to the reference hospital and adverse outcomes among hospitalized leptospirosis cases. The delay in triage was five days (range ϭ 0-8 days) among deaths versus two days (range ϭ 0-10) among survivors (P ϭ 0.08). Fatal cases were more likely than survivors to have been diagnosed with dengue at their first outpatient visit (OR ϭ 5.1, 95% CI ϭ 0.8-55.0). In addition, leptospirosis cases who required admission to the intensive care unit (ICU) were more likely to have been initially diagnosed with dengue than cases not admitted to the ICU (OR ϭ 2.7, 95% CI ϭ 0.8-9.5). The power of these analyses was limited because of the small sample size and difficulty in obtaining information from patients who died during hospitalization.
Cases who sought medical attention later in the course of their illness reported a higher prevalence of signs consistent with jaundice and often received diagnoses of leptospirosis or hepatitis. However, among 67 patients who reported having yellow eyes at the time of initial health service visits, 25 (37%) were not triaged to the infectious disease reference hospital. Of these, 14 (56% of 25) were told that they had dengue, indicating that the dengue epidemic created a high index of suspicion even in cases presenting with an acute icteric syndrome.
DISCUSSION
Heavy rainfall over a period of several months in 1996 contributed to concurrent outbreaks of dengue and leptospirosis in the city of Salvador, Brazil. The dengue epidemic affected all parts of the city and was widely publicized through print and broadcast media. However, dengue was not responsible for deaths since cases did not develop severe forms such as dengue hemorrhagic fever. In contrast, the leptospirosis epidemic was concentrated in low-income, underserved neighborhoods. Although fewer cases were notified, leptospirosis was a significant cause of mortality: case fatality was 15% and more than 50 deaths were identified during the epidemic period. 12 The present investigation was conducted in response to the failure of intravenous antibiotics and aggressive supportive therapy to prevent mortality from leptospirosis: 50% 
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Outcome following initial outpatient visit Number of outpatient visits prior to hospitaliza- of the deaths occurred within 48 hr of hospital admission during the 1996 epidemic. 12 Leptospirosis outbreaks in dengue endemic regions of the Caribbean and Central America 2, 19, 20 have raised awareness concerning diagnostic confusion between leptospirosis and dengue and its potential impact on outcome for leptospirosis. During dengue surveillance in Puerto Rico in 1996, leptospirosis was established as the diagnosis in 21 laboratory-unconfirmed cases of dengue and among these, 29% had severe clinical presentations and one patient died. 2 Furthermore, leptospirosis was found retrospectively to be the cause in 31% of cases who died of suspected dengue. 2 In Barbados, Levett and others 21 demonstrated significant misdiagnosis during surveillance for both leptospirosis and dengue: more than 30% of all cases identified as suspected leptospirosis had dengue IgM antibodies and 7% of laboratory-unconfirmed cases of suspected dengue had leptospiral IgM antibodies. During the same period, an increase in mortality from leptospirosis was observed and attributed to a large concurrent outbreak of dengue. 21 The present study is the first to prospectively investigate the effect of a dengue epidemic on the referral of leptospirosis cases and on subsequent outcomes. In Salvador, a high index of suspicion for dengue in outpatient facilities contributed to a significant delay in the triage of leptospirosis cases to the infectious disease reference hospital. This delay was longest for patients who presented in the early phase of their illness and received the diagnosis of dengue. Patients who sought medical attention later in the course of illness were more likely to receive diagnoses of leptospirosis or hepatitis and to be promptly triaged to the reference hospital. In addition, a trend was observed between receiving a dengue diagnosis in outpatient facilities and adverse outcomes during hospitalization, including higher case fatality and admission to the intensive care unit. These findings strongly suggest that diagnostic confusion with dengue had an impact on outcome for leptospirosis.
In this investigation, information was analyzed from patients who met the surveillance case definition of leptospirosis. These included unconfirmed cases (26% of 110) for the majority of which complete diagnostic testing could not be performed due to the lack of paired serum samples. However, in patients from whom paired samples were obtained, the surveillance case definition had a positive predictive value of 92%. Cases with or without laboratory evidence showed no differences in the site of outpatient visits, the timing of first contact with the health-care system, or geographic distribution. Therefore, the inclusion of unconfirmed cases in the analysis does not appear to be a likely source of bias. A limitation of the present study was the use of patient recall to obtain information on presumptive diagnoses and symptoms at the time of initial outpatient evaluation. We observed that 94% of the patients (104 of 110) recalled their presumptive diagnosis and that re-constructed timelines of onset of specific symptoms correlated with classic ''earlyphase'' and ''late-phase'' manifestations of leptospirosis.
We identified a ''window of opportunity'' during which a significant proportion of leptospirosis cases procured medical attention in the initial phase of their illness (42% in the first three days). It is within this period that oral doxycyline therapy has been shown in a randomized clinical trial to provide benefit in reducing morbidity from leptospirosis. 13 Observational studies have suggested that the increased use of empiric antibiotic treatment for febrile patients during epidemic periods contributed to the gradual decrease in the case fatality rate for leptospirosis observed in New Caledonia 22 and in Barbados. 21, 23 However, in the present study, early-phase leptospirosis was confused with dengue during this critical period. In Salvador, antibiotic treatment was not administered until patients were admitted to the reference hospital, and only 5% of the interviewed patients were hospitalized within the first three days of symptoms.
As observed in studies from other settings, 2,19-21 the lack of specific clinical markers for early-phase leptospirosis hinders its differentiation from dengue. This is especially important in developing country settings, such as in the present study, in which diagnosis at ambulatory health services are often based solely on clinical findings. Therefore, an inexpensive and rapid laboratory test is needed for ambulatorybased diagnosis. Screening for leptospirosis among febrile outpatients requires a highly sensitive and specific test, since the overall prevalence of this disease among ambulatory patients with acute febrile illnesses is expected to be low. Rapid serologic tests such as the Lepto-dipstick [24] [25] [26] and latex agglutination assay, 27 have been developed, but the reported sensitivities of these tests have been approximately 50% for identifying cases in the first 10 days of symptoms. Recently, the Lepto-dipstick assay was re-evaluated and found to have a sensitivity of 85% for early-phase samples, 26 but the observed specificity (88%) would result in a high proportion of false-positive results in an ambulatory setting.
Misidentification of leptospirosis during the outbreak was not limited to diagnosis during the early phase of illness. We observed that 37% of leptospirosis cases with the late-stage sign of jaundice at the time of first contact with the healthcare system were not triaged promptly to the reference hospital. Of these, 56% were misdiagnosed as dengue, despite jaundice being an uncommon finding in dengue patients. 28 Paradoxically, 18% of the interviewed cases procured initial medical assistance at the infectious disease hospital. These cases resided in regions throughout the city, and not preferentially in proximity to the hospital ( Figure 1B) and had a high proportion of severe complications such as jaundice during emergency room evaluation. These findings indicate that a part of the population of Salvador is familiar with the late-phase manifestations of leptospirosis and the need for self-referral to the reference hospital. Therefore, dissemination of information concerning the signs and symptoms of leptospirosis to health care professionals and the public may be an effective intervention to aid case identification during annual urban epidemics.
The dengue epidemic had an impact not only on leptospirosis case identification but also on the operation of public sector emergency services. More than 20,000 outpatients with dengue during the epidemic season sought acute medical care at these facilities, impairing the ability of health care staff to effectively evaluate patients with leptospirosis as well as other diseases. As dengue continues to spread to urban centers throughout the developing world, 16 diagnostic confusion between dengue and leptospirosis will increasingly affect the early case identification and initiation of antibiotic therapy needed to reduce mortality and morbidity from leptospirosis.
